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Figwr* 1. G«n*ral Radio*! Ihroo now 
Vorior® Automatic Voltago Rogula- 
lort: (ahcv) Typo 1581>A« a 6-lcVA 
unit, shown tor bonch mounting; (rights 
tcp) it! militoriiod countorpart, Typo 
1571-A; and frigid, bottom) a 10>kVA 
commofcial unit. Typo 1582-A, shown 
without cobinot, for rack mounting. 
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A NEW SERIES OF HIGH-PERFORMANCE 


LINE-VOLTAGE REGULATORS 


GR’s Type 1570 series of auto¬ 
matic line-voltage regulators has 
won wide acceptance since its intro¬ 
duction 1 1 years ago. Now a new 
series, including 26 different models, 
makes its debut. Major improve¬ 
ments in the new regulators: all¬ 
solid-state design, faster response, 
wider line-voltage ranges, increased 
power-handling capacity, and avail¬ 
ability of all models in 400-cycle 
versions. 


Hegulatt‘d voltage is a necessity wher¬ 
ever voltage-sensitive elements arc pre.s- 
^f ent for instance, in many lal)oratory 
calibrations and measurements, indus¬ 
trial processes, and test programs. For 
such applications, as well as for more 
routine work in places where line-volt- 
age regulation is poor, the automatic 
line-voltage regulator is indispensable. 
By regulation of the ac line, a numl)er of 
critical load voltiiges ac or dc can 
be controlled with a single instrument. 

CONSIDERATIONS IN VOLTAGE 
REGUUTION 

Three fundamental characteristics of 
ac line voltage are its fre(|uency, magni¬ 
tude, an<l waveform. Most commercial 
power .systems hold line frequency 
within very close tolerance, and fre- 
quenc}’^ instability is seldom a serious 
problem. Magnitude is the mo.st critical 
parameter of line voltage, the one most 
O generally subject to deviatif)n, and the 
raison (V^rc for the line-voltage regula¬ 


tor. .Mthough the primary function of 
the regulator Ls to stabilize the magni¬ 
tude of the voltage, it is desirable that 
it do this without distorting the wave¬ 
form. 

An obvious measure of the perform¬ 
ance of a line-voltage regulator is the 
accuracy with which it holds the magni¬ 
tude of the output voltage to the nom¬ 
inal value, .\ccuracy can be specified 
as a long-term figure, if we disregard 
brief voltage fluctuations that exceed 
the regulator’s response capability and 
thus pass from input to output undimin¬ 
ished. The ability of a regulator to react 
to very brief fluctuations is related to 
its respon.se speed, another important 
measure of a regulator’s performance. 

.Magnitude of an ac voltage requires 
further definition as peak, average, or 
root-mean-square, and the line-voltage 
regulator must choose* one of these val¬ 
ues to hold constiint. Most regulators 
stabilize the rms or average magnitude, 
because these are the values most loads 
respond to. 

What the regulator does to the wave¬ 
form of the voltage it regulates is .sig¬ 
nificant wherever the regulator and the 
load resj)ond to difTerent values of volt¬ 
age magnitude (as. for instance, where 
an rms regulator is regulating volUige 
into a peak-responding device). 

Another possible source of trouble is 
the power factor of the load. Specifica¬ 
tions for many regulators assume a re¬ 
sistive load (power factor = 1.0), and 
departures from this condition can cause 
these regulators to shift output voltage 
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by an amount well in excess of the 
stated accuracy. 

Accuracy, response speed, introduced 
distortion, vulnerability to load power- 
factor these, pins the practical fac¬ 
tors of cost, reliability, and size, are the 
chief factors in the selection of a regu¬ 
lator. 

TYPES OF LINE-VOLTAGE REGULATORS 

There are thrw principal typers of 
line-voltage regulators: electronic, mag¬ 
netic, and electromechanical (servo). 
.\11 operate by sensing the output volt¬ 
age and adding voltage to, or subtmet- 
ing it from, the input to restore the out¬ 
put to its nominal value. 

The Electronic Regulator 

The electronic i amplifier-type) regu- 
btor approaches the ultimate in ac- 
voltage-rcgulation devices. The regu¬ 
lated output voltage is continuously 
compared with a pure-sine-wave mfer- 
enco, and any errors are electronically 
removed. Such a r(*gulator can actually 
remove distortion on the incoming line 
and can re<lucc, if not completely elimi¬ 
nate, transients on the regulated output 
voltage. Disadvantages are a sensitivity 
to line frequency and load power factor, 
modest poNver-lmndling capacities, and 
high cost fH^r kVA. 

The Magnetic Regulator 

'Fhe several types of magnetic regu¬ 
lators are charactorizeni by niO(ierat<* 
correction speed. gr) 0 (I t-o excellent re- 
liaf)ility. a tendency to introduce dis¬ 
tortion in the voltag** waveform, and 
sensitivity to load current, power factor, 
and line frequency. .Magn«‘tic regulators 
also are usually (juite heavy. 

One type of magnetic it'gulator— 


the ferroresonant - is completely pas¬ 
sive and lx>asts the highest reliability 
and the lowest cost. It is inherently 
short-circuit-proof, which adds to its 
reliability hut which also severely lim¬ 
its its ability to handle large starting 
currents. Its output voltage level is 
factory set and cannot be changed. 

Another type, the saturable-reactor 
regulator, uses an electronic feedback 
loop to achieve higher performance 
than the ferroresonant type. Harmonic 
filters are often included to re<luce the 
considerable distortion introduced by 
the regulator. 

A third type of magnetic rt'gulator 
uses silicon-controlled rectifiers in an 
electronic switching scheme. Unlike 
other magnetic types, the sen regula¬ 
tor operates satisfactorily with load 
power factors from 1.0 to 0 lagging, al¬ 
though its performance is not specified 
for leading power factors. The distor- 
tion introduced by this type of regula¬ 
tor characteristically exhibits itself as 
a large change in the peak value of the 
output voltage, which may persist in¬ 
dependently of the regulator’s normal 
rms- or average-correcting action. 

Electromechanical Regulators 

I'he ele<‘tromechaiiical line-voltage 
regulator comhin(»s the power-handling 
capabilities of a motor-driven variable 
autotransformer with the fast response 
and accuracy of an electronic feedback 
loop. This type of regulator introduces 
no distortion, is totally unalTected by 
changes in load power factor from 0 
leading to 0 lagging, and is insensitive 
to load current. With proper design, it 
can hold output voltage constant in the 
face of wide swings of line frequency, a 
factor important in the regulation of 
voltiige from unstable sources, such as 
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emergency generators. On a kVA-per- 
poiincl basis, it is the lightest of all 
automatic voltage regulators. It is well 
suited for applications involving heavy 
starting currents and can safely with¬ 


stand transient overloads of up to 10 
times the rated output current. Electro¬ 
mechanical regulators are practical over 
a wide range of power ratings, from one 
to hundreds of kVA. 


THE NEW 

VARIAC®’ AUTOMATIC VOLTAGE REGULATORS 


General Radio has developed an en¬ 
tirely new line of electromechanical 
regulators, tonsisting of 20 electrically 
different models, with militarized ver¬ 
sions and several mounting options 
running the total to 114. Of the 20 
electrically different models, 13 are for 
(UVt'ycle operation and the other 13 are 
designed to regulate 400-cycle voltage 
(with no 00-cycle power required). Each 
group of 13 regulators includes four 115- 
volt units, six 230-volt units, and three 
400-volt units, covering an over-all 
range of power-handling capacity from 
2 to 20 kVA. 

These regulators can also be used in 
combination on three-phase systems. 

Prindples of Operation 

The diagram of Figure 2 shows how 
these line-voltage regulators work. \ 


voltage deviation at the output acti¬ 
vates a servo feedback loop, (insisting 
of a control unit, a two-phase motor, a 
Variac® auto transformer, and a step- 
down buck-boost transformer. The 
deviation is thus translated into a 
correction voltage that is added to or 
subtracted from the input to restore the 
regulated voltage to its correct value. 

Control Unit 

The .solid-state control unit converts 
any small deviation in output voltage 
into a proportional electrical .signal to 
drive the motor. The deviation is first 
sen.sed by an rms detector, whose dc 
output, after filtering, is compared with 
a constant 9-volt reference derived 
from a Zener diode. The resultant dif¬ 
ference voltage is chopped into an ac 
error signal whose magnitude is propor- 


BUCK-BOOST 

TRANSFORMER 



Figwr* 2. An elefnvntary diagram of Ganoral Radio's •l•cl'omechanicai rogulofor. 


5 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516)334-5959 *(800) 899-8438-FAX: (516)334-5988 





























the 


Experi meiiter 


Figur* 3. Reor vUw of o 
rogulotor with dust covor 
rofnovod and etchod boord 
swung out for accost to 
compononts and wiring. 



tional to the output voltage deviation 
and whose phase is determined by the 
direction of this deviation. A solid- 
state amplifier converts the small ac 
error signal into the large ac voltage 
required by the motor. 

-^Vn important feature of the General 
Radio regulator and one that dis¬ 
tinguishes it from most other electro¬ 
mechanical units — is the completely 
proportional control system. That is, 
the control unit continuously feeds a 
proportional correcting voltage to the 
motor. This technique helps give these 
regulators greater accuracy and higher 
response speed than are possible with 
a simple on-off motor control. 

Motor and Transformer Circuits 

The ac error signal from the control 
unit drives a two-phase servo motor, 
with the phase and magnitude deter¬ 
mining the direction of robition and the 
speed of the motor, respectively. The 
motor used in all models Is built to the 
rigid specifications demanded for the 
militarized units (for instance, the 
stator is epoxy encapsulated). The low- 
inertia rotor contributes importantly to 
the excellent response and accuracy of 
the regulator. 

The motor drives a Variac'® auto¬ 
transformer through a hea\^-duty, 
instrument-type gear train. The auto¬ 


transformer is positioned either side of 
a center tap (depending on the sense of 
the correction) by an amount propor¬ 
tional to the output-voltage deviation. 
All autotran-sformers are ball-l)earing 
models with take-off brushes that are 
designed for the unusual demands im¬ 
posed by regulator service. 

The autotransformer output voltage 
is .stepped down by a buck-boost trans¬ 
former. Thus the full adjustment range 
of the autotransformer can be used to 
produce the relatively narrow range of 
correction voltage, and the current 
rating of the autotransformer is effec¬ 
tively multiplier!. The phase of the 
voltage applied to the buck-boost trans¬ 
former depends on the position of the 
autotransformer brush with respect to 
the center tap and determines whether 
this correcting voltage is added to or 
subtracted from the line voltage. 

Remote Operation 

.\11 regulators can be easily con¬ 
nected for rr^mote sensing, detection, or 
programming. Remote sensing at the 
load corrects for the voltage drop on 
the line lx*tween the regulator and the 
load. Remote detection permits use of 
an external detector to regulate dc 
voltage or a characteristic of ac voltage 
other than rms. For remote program¬ 
ming, the regulatc^d output voltage 
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level cAn be adjusted by an external 
variiible resistance. 

Physical Characteristics 

All regulators are single, self-con¬ 
tained units seven inches high and 19 
inches wide. The <*ommercial models 
are available for l>onch, rack, or wall 
mounting. (A fourth option allows the 
customer to buy a rack model without 
cabinet, at a saving in cost.) 

Militarized models are designed to 
meet nr exceed the general require¬ 
ments of specifications MIL-E-4158B 
and MIL-E-164000. They are con¬ 
structed on seven-inch U-shaped ex¬ 
truded aluminum channel to meet 
milibiry shock and vibration require¬ 
ments and are supplied for relay-rack 
installation. 

The mechanical design, based on a 
modular approach, provides easy access 
to all components. Removal of six 
screws permits the dust cover to be 
removed and the etched board to be 
swung out (see Figure 3), exposing 
ever>' wdring connection and component. 

The tw'o screwdriver adjustments 
(gain and output voltage), the manual- 
automatic control switch, and the con¬ 
trol-unit fuses are all accessible at the 
front panel. Also on the front panel is a 
dial that indicates the percent differ¬ 
ence between input and output volt¬ 
ages. This dial also permits manual 
voltage adjustment when the front- 


C. E. Miller received 
hifl Bachelor of Enjpnecr- 
ing dcCTce from V ale in 
HKK). He then joined the 
General Radio Engineer¬ 
ing StafT afl a Develop 
ment Engineer in the 
Industrial Group, where 
he has been concerned 
with the design of auto¬ 
matic voltage regulators 
and stroboscopic equip¬ 
ment. 


panel switch Ls thrown to .m.\nual. 
There are no internal operating controls 
or adjustments. 

Performance 

The introduction of General Radio’s 
new’ automatic line-voltage regulators 
establishes the electromechanical regu¬ 
lator as comparable in performance to 
magnetic types, hut low^er in cost. 

Accuracy and rosF>onse speed are the 
best available in electromechanical 
regulators. Accuracy is 0.25 or 0.5 per¬ 
cent, depending on model, and is inde¬ 
pendent of load current, power factor, 
and frequency and voltage changes in 
the line. Response speed is 20 to 160 
volts per second, depending on model, 
and is comparable to the speed of mag¬ 
netic regulators of equivalent ratings. 
Figure 4 shows the actual performance 
of regulators responding to step changes 
in line voltage. 

No waveform distortion is introduced 
by these regulators, and transient over- 




Figura 4. Osclliogramt thowing ratponta oF two of tha naw raguiofort to a 2% ttep chonga In lina 
voltoga. laff/ the unragulotad input; canfar, tha rasponta of o 6-kVA modal; right, tha ratponia of a 

lO-kVA modal. 
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loads up to 10 times the nominal ratings 
can be handled safely. 

The 114 variations of GR’s new fam¬ 
ily of regulators span wide ranges of 
voltage, correction range, frecjuency, 
and power rating, with several mount¬ 
ing options. The use of modular con¬ 
struction and interchangeable parts, 
moreover, suggests a further prolifera¬ 
tion to meet special customer require¬ 
ments. 

— C. E. Mn.LER 
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COMMERCIAL MODELS 

Regulotors ore available in the following ranges 
for either 400-cycle or 60-cyde service. By means of 
a change In connections, 60-cycle models can cover the 
range of 50 to 60 c/s, with only a slight redvction in 


correction range. Both Type 1581-A ond Type 1582-A 
can be supplied for bench, wall, or rock mounting,, or 
without cabinet. 

TYPE 1581.A 


Oulpid 

Volts* 

Correction 
Range % 

kVA 

Accuracy (% of 
output voU(^) 

115 

90 to no 

5.8 

0.25 

115 

82 to 124 

2.9 

0.5 

230 

95 to 105 

9.2 

0.25 

230 

90 to no 

4.6 

0.25 

230 

82 to 124 

2.3 

0.5 


TYPE 1582-A Is available in the same ranges of 
operation but has approximately twice the kVA rating. 
Additional models, connected for 460-volt service, hove 
kVA ratings approximately Va those for 230-volt 
service. 


MILITARIZED MODELS 

TYPE 1571-A is a militarized version of the Type 
1581-A. It is designed to meet the requirements of 
MII-E-4158B and MIL-E-16400C. 


PRICES: $650 for 60-cycie service 
$695 for 400-cycle service 


« Adjustable, dh 10%. 

PRICES: from $495 to $575. 


PRICES: from $555 to $635. 


For Complete Listings with Spedfications, Consult General Radio Catalog S, 
pages 223 to 226, or Call or Write Your Nearest GR Sales Office. 
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